Coagulase-negative staphylococci, especially Staphylococcus epidermidis, are increasingly important nosocomial pathogens, particularly in critically ill neonates. A 3-year prospective surveillance of nosocomial infections in a neonatal intensive care unit (NICU) was performed by traditional epidemiologic methods as well as molecular typing of microorganisms. The aims of the study were (i) to quantify the impact of S. epidermidis on NICU-acquired infections, (ii) to establish if these infections are caused by endemic clones or by incidentally occurring bacterial strains of this ubiquitous species, (iii) to evaluate the use of different methods for the epidemiologic typing of the isolates, and (iv) to characterize the occurrence and the spread of staphylococci with decreased glycopeptide susceptibility. Results confirmed that S. epidermidis is one of the leading causes of NICU-acquired infections and that the reduced glycopeptide susceptibility, if investigated by appropriate detection methods such as population analysis, is more common than is currently realized. Typing of isolates, which can be performed effectively through molecular techniques such as pulsed-field gel electrophoresis but not through antibiograms, showed that many of these infections are due to clonal dissemination and, thus, are potentially preventable by strict adherence to recommended infection control practices and the implementation of programs aimed toward the reduction of the unnecessary use of antibiotics. These strategies are also likely to have a significant impact on the frequency of the reduced susceptibility of staphylococci to glycopeptides, since this phenomenon appears to be determined either by more resistant clones transmitted from patient to patient or, to a lesser extent, by strains that become more resistant as a result of antibiotic pressure.
the dominant species Staphylococcus epidermidis have emerged in recent years as pathogens in a growing number of serious nosocomial infections in neonatal intensive care units (NICUs), particularly bloodstream infections (16, 19) . Especially worrisome are the increased numbers of S. epidermidis isolates that show a low-level resistance to glycopeptide agents (14, 39, 40, 42) , with an additional and probably greater concern which relates to the emergence of Staphylococcus aureus strains with reduced susceptibility to vancomycin (1, 6, 7, 21, 22, 41) . These observations immediately prompted the rapid publication of guidelines for infection control management of infections caused by staphylococci intermediately resistant to vancomycin (5, 50) .
Knowledge of the epidemiology of S. epidermidis infections is important for control of further spread of glycopeptide resistance among staphylococci. In this study molecular typing techniques as well as more traditional investigations conducted by infection control professionals were used to characterize the epidemiology of S. epidermidis in a NICU of a university hospital in Italy. The purposes of the study were (i) to quantify the impact of S. epidermidis on NICU-acquired infections, (ii) to establish if these infections are caused by endemic clones or by incidentally occurring bacterial strains of this ubiquitous species, (iii) to evaluate the use of different methods for the epidemiologic typing of the isolates, and (iv) to characterize the occurrence and the spread of staphylococci with decreased glycopeptide susceptibility.
MATERIALS AND METHODS
Setting. The teaching hospital of the University "Federico II" of Naples is built on a 40-ha site and consists of 19 buildings, each of which contains one or more departments, connected by tunnels and passages and endowed with 1,470 beds. One building contains the pediatric department with three wards and one NICU; a connected building contains the obstetric department and the nursery. The NICU consists of three rooms with a maximal capacity of eight neonates per room. An additional smaller room is available for infants in need of isolation. Washing sinks are available in each room. Gloves, but no masks and gowns, are used routinely.
Surveillance procedures. Nosocomial infection surveillance in the NICU was performed by a trained physician, who reviewed the following sources for evidence of infection: physician and nurse personnel in the unit, patient charts, and X rays and diagnostic bacteriology laboratory culture reports. Data collected on nosocomial infections included sites of infection, pathogens, time of acquisition from admission, birth weight, and major risk factors. Information about infections in the unit were recorded on a standardized form by the surveillance physician and were reviewed regularly with the attending pediatrician and the hospital epidemiologist. Surveillance of nosocomial infections after discharge was not performed. The infection surveillance reported here covers the period from January 1996 to December 1998. Nosocomial infections were defined by standard Centers for Disease Control and Prevention definitions adapted to neonatal pathology (13) . In particular, infants were considered to have a bloodstream infection if they had at least one positive blood culture and a compatible clinical presentation, provided that they received specific antibiotic therapy. Pneumonia was diagnosed, in the presence of a compatible clinical presentation, on chest X-ray evidence and the isolation of a microorganism from a tracheal or bronchial aspirate or a blood culture. The diagnosis of urinary tract infection required a urine culture with Ն10 5 colonies/ml and a compatible clinical presentation, with institution of specific antibiotic therapy. Meningitis was diagnosed if infants had a positive culture of cerebrospinal fluid and a compatible clinical presentation, provided that they received an appropriate antimicrobial therapy. The diagnosis of conjunctivitis required the isolation of a microorganism from a culture of a purulent exudate and the institution of appropriate antibiotic therapy. Infections resulting from passage through the birth canal or from transplacental transmission were excluded. In general, infections that occurred after 48 h of hospital stay were assumed to be acquired in the NICU, but each instance of infection was considered individually because of the late onset of some perinatally acquired infections.
All infection rates, including patient, patient-day, and device-associated infections, were calculated according to the formulas of the National Nosocomial Infections Surveillance (NNIS) high-risk nursery (HRN) component (15) .
Microbiological methods. All S. epidermidis strains isolated from clinical specimens during three "window" periods in 1996, 1997, and 1998 were collected, isolated in pure cultures, and stored at Ϫ80°C with glycerol for subsequent phenotypic and genotypic typing. The three window periods were of 5 months in 1996, 8 months in 1997, and 10 months in 1998.
Antimicrobial susceptibility testing. Susceptibilities to common antibiotics were determined by disk diffusion methods (33, 34) . The following antibiotics were tested: ampicillin (10 g), methicillin (5 g), chloramphenicol (30 g), erythromycin (15 g), tetracycline (30 g), rifampin (5 g), ciprofloxacin (5 g), trimethoprim-sulfamethoxazole (1.25 ϩ 27.75 g), gentamicin (10 g), netilmicin (10 g), teicoplanin (30 g), and vancomycin (30 g). Isolates showing an intermediate level of susceptibility were classified as resistant. Susceptibility to glycopeptides was further investigated by population analysis profiles (PAPs) (39, 40, 45) . Aerobically grown overnight cultures were plated at four dilutions (10 Ϫ1 , 10
Ϫ2
, 10 Ϫ4 , and 10
Ϫ6
) on plates that contained serial (twofold) dilutions of teicoplanin or vancomycin at concentrations of 0 and 0.8 to 100 g/ml. Colonies were counted after incubation for 48 h at 37°C.
Preparation of chromosomal DNA for PFGE and restriction digestion. The preparation of chromosomal DNA for pulsed-field gel electrophoresis (PFGE) and restriction digestion was performed as described by de Lencastre et al. (8) . DNA restriction was done with SmaI according to the manufacturer's recommendations (New England Biolabs).
PFGE. Gels for PFGE were run in a CHEF-DR II apparatus (Bio-Rad) by using the following conditions: run time, 23 h; temperature, 11.8°C; voltage, 200 V; initial forward time, 1 s, final forward time, 30 s.
DNA-DNA hybridization. Chromosomal DNAs were digested with the restriction endonuclease ClaI, separated by conventional gel electrophoresis, and then transferred to nylon membranes with a vacuum blotting apparatus (VacuGene XL; Pharmacia), according to the manufacturer's instructions. Hybridization was done with two probes, one bearing the Tn554 transposon (11, 27) and the other bearing the mecA gene (8, 29, 30) . Probe labeling and hybridization were done by using an enhanced chemiluminescence nonradioactive labeling kit (RPN3000; Amersham), according to the manufacturer's instructions.
RESULTS
Nosocomial infections. During the 3-year period of study, 1,010 infants were admitted to the unit. Within 2 days after admission, 28 infants died or were transferred from the unit. Data for these infants were excluded from the study since nosocomial infections in this population would not have been identified by our surveillance methods. The remaining 982 patients, 556 males (56.6%) and 426 females (43.4%), were included in the study. Most babies (87.5%) were born in the obstetric department of the teaching hospital of University "Federico II" of Naples, and the remaining 12.5% were transported from other hospitals in the area. The 982 patients spent a total of 22,740 days in the NICU (average, 23.2 days; standard deviation, 24.1 days), with device utilization ratios of 0.48 and 0.37 for umbilical or central line and ventilator, respectively. The total mortality rate in the study population was 8.3% (82 of 982).
A total of 184 infections were detected among 142 patients, for an overall nosocomial infection rate of 18.7% or 8.1 per 1,000 patient-days ( Table 1 ). The most common infections were bloodstream infections (47.8%), surface infections (mainly conjunctivitis) (25.5%), pneumonia (11.5%), and urinary tract infections (8.7%). Twelve cases of meningitis were observed (6.5%). The umbilical or central line-associated bloodstream infection rate was 8.0 per 1,000 device-days, ranging from 14.8 per 1,000 device-days in neonates with birth weights of 1,000 g or less to 3.5 per 1,000 device-days in neonates with birth weights of more than 2,500 g. The ventilator-associated pneumonia rate was 2.5 per 1,000 device-days, with the highest rate (3.8 per 1,000 device-days) observed among infants with birth weights of Յ1,000 g and the lowest rate (1.8 per 1,000 device-days) observed among infants with birth weights of 1,001 to 1,500 g. Both bloodstream and pneumonia rates decreased throughout the study period.
S. epidermidis was responsible for 56 of the 184 infections which occurred in the unit during the study period (30.4%). More precisely, S. epidermidis accounted for 35 bloodstream infections (39.8%), 14 surface infections (29.8%), and 7 cases of meningitis (58.3%). Other less frequently isolated pathogens were S. aureus (27.2% of all infections), Klebsiella pneumoniae (16.3%), and Candida albicans (9.2%). Interestingly, whereas the overall nosocomial infection rate during the study period decreased from 10.7 per 1,000 patient-days in 1996 to 6.7 per 1,000 patient-days in 1998, the S. epidermidis infection rate actually rose slightly from 2.1 per 1,000 patient-days in 1996 to 2.6 per 1,000 patient-days in 1998 (Table 1) .
Molecular typing of S. epidermidis isolates. Eighty-one S. epidermidis isolated during three window periods from 1996 to 1998 were available for molecular typing. The strains originated from blood (33.3%), vascular catheters (17.3%), eye (24.7%), endotracheal tubes or bronchial aspirates (18.5%), and liquor (6.2%). Half of these strains (50.6%) were judged to be involved with infection.
All these strains were typed by macrorestriction analysis of chromosomal DNA with SmaI and PFGE (Fig. 1) . By assuming that a single base mutation in the chromosomal DNA could introduce maximally a three-fragment difference in the restriction pattern (44) , strains with more than three fragment variations were assumed to represent strains with major patterns (assignment of capital letters), while strains with one to three fragment differences were considered to represent subtypes (capital letter with numerical subscripts). By these criteria, 25 major patterns (patterns A to Z except X) were identified. However, more than half of the isolates (45 of 81; 55.5%) were of four PFGE types (types G, C, E, and A). PFGE type G, which could be further classified into seven subtypes (subtypes G 1 to G 7 ), was detected for 22 strains (27.2%). Ten (12.3%) and seven (8.6%) strains were PFGE types C and E, respectively, and these types showed two and three subtypes, respectively. PFGE type A, with four subtypes, was found for six strains (7.4%). Two other PFGE types (types D and N), each of which had two subtypes, were found for four and three strains, respectively. The remaining PFGE patterns had no subtypes and, except for PFGE types H, K, O, P, V, and Y, were found only for single isolates. ClaI digests of the genomic DNAs of all S. epidermidis isolates were separated by conventional electrophoresis, transferred to a nylon membrane, and hybridized with the mecA probe ( Fig. 2A) . By considering differences in a single band as different mecA polymorphisms (21, 28), 14 ClaI-mecA types were identified. However, the majority of the isolates (55 of 81; 67.9%) were of four ClaI-mecA types (types I, II, VII, and VIII). Twenty-one of the 22 strains with PFGE pattern G and the 2 strains with PFGE pattern Y were found to be of ClaImecA type II. ClaI-mecA type VII was found only for the 10 strains with PFGE pattern C. All strains with PFGE pattern A were of ClaI-mecA type VIII, but this type was also associated with PFGE patterns V (two strains), P (two strains), and G (one strain). ClaI-mecA type I was found for six of the seven strains with PFGE pattern E and all strains with PFGE patterns D (four strains) and L (one strain). The other strain with PFGE pattern E was ClaI-mecA type XII. The remaining nine ClaI-mecA types were associated with strains with unique PFGE patterns, with the exception of type V (which was associated with PFGE patterns F and M) and type VI (which was found for strains with PFGE patterns O and Q). The mecA gene was absent from six strains already classified as methicillin susceptible by the disk diffusion test.
The same gels used for the analysis of the mecA gene were rehybridized with the Tn554 probe (Fig. 2B) . The transposon was present in 21 of the 81 isolates (25.9%) in a unique insertion pattern (single insertion with loss of the ClaI restriction site, with only one hybridization band of approximately 4 kb). More precisely, the presence of Tn554 was documented in all isolates of ClaI-mecA types VII (10 strains), V (2 strains), XII (1 strains), and IV (1 strain). Moreover, the transposon was present in 7 of the 11 strains of ClaI-mecA type I, namely, those with PFGE patterns E (6 strains) and L (1 strain).
S. epidermidis isolates can be defined as clones on the basis of mecA::Tn554::PFGE profiles, similar to the criteria already used for methicillin-resistant S. aureus (MRSA) (8, 9, 36, 43, 48) . Together the three genotypic methods used in the present study allowed us to define 28 clones among the 81 strains isolated during a 3-year period in the NICU of University "Federico II" of Naples (Table 2 ). Four predominant clones were identified: II::neg::G (21 strains), VII::pos::C (10 strains), I::pos::E (6 strains), and VIII::neg::A (6 strains), where neg is negativity for the presence of Tn554 and pos is positivity for the presence of Tn554. These clones were isolated during the entire study period from different clinical sources. For example, clone II::neg::G included strains isolated during 1996 (four strains), 1997 (eight strains), and 1998 (nine strains) from blood (six strains), eye (five strains), tubes or bronchial aspirates (six strains), and vascular catheters (four strains). Analogously, clone VII::pos::C comprised isolates from 1996 (one strain), 1997 (three strains), and 1998 (six strains) cultured from blood (five strains), endotracheal tubes or bronchial aspirates (two strains), vascular catheters (two strains), and an eye (one strain). Therefore, the predominant clones found in the NICU did not showed either evident temporal clusters or an association with particular clinical sources.
Strains of S. epidermidis were judged to be involved with infection if they represented the only microorganisms isolated from a significant clinical specimen (blood, liquor, or purulent exudate) in the presence of clinical signs or symptoms of infection and the institution of a specific antibiotic therapy (mainly with teicoplanin or vancomycin) driven by the results of antibiograms. On the basis of these criteria, the majority of the clones found in this study included strains that caused both infection and colonization; the exception was clones of the ClaI-mecA type I polymorph, all of which were considered to be causative of infections. The latter observation suggests the hypothesis (which has yet to be confirmed) that some clones of S. epidermidis may be more pathogenic than others.
Antimicrobial resistance of the isolates. The antibiotic susceptibility data showed that large proportions of the isolates were resistant to ampicillin (100%), methicillin (92.6%), gentamicin (80.2%), erythromycin (65.4%), tetracycline (63.0%), and chloramphenicol (50.6%). Various but limited numbers of strains appeared to be resistant to trimethoprim-sulfamethoxazole (43.2%), netilmicin (23.5%), and ciprofloxacin (3.7%). All strains were susceptible to rifampin, teicoplanin, and vancomycin. In the attempt to use the antibiotic resistance profile as an epidemiologic marker, we defined resistance phenotypes through a number (representing the number of antibiotics to which the strain was resistant) with a letter subscript (indicating the particular combination of antibiotics to which the isolate was resistant). Altogether, 36 distinct resistance phenotypes were found, with a poor correlation with the clonal types defined by the molecular methods (Table 2) . For example, the most frequent resistance phenotype (5 a ; which was found for 11.1% of the isolates and which was characterized by resistance to ampicillin, methicillin, gentamicin, erythromycin, and tetracycline) was present in strains of six distinct clonal types, as (2) I (1), II (1) I (1), II (1) I (11) Pos (7) E ( (1) II (1) II (1) VII (10) Pos ( (2) II (4) II (4) IX (4) Neg (4) H (4) IX::neg::H 4 (4) 5 a (3), 8 a (1) II (4) II (4) VI (3) Neg (3) O (2) VI::neg::O 2 (0) 4 a (2) II (2) II (2) Q (1) VI::neg::Q 1 (1) 5 a (1) II (1) II (1) V (2) Pos (1) F (1) V::pos::F 1 (1) 5 l (1) II (1) II (1) Pos (1) M (1) V::pos::M 1 (0) 2 a (1) I (1) I (1) X (2) Neg (2) N (2) X::neg::N 2 (0) 5 a (1), 5 h (1) I (2) I (2) IV (1) Pos (1) I (1) IV::pos::I 1 (0) 5 i (1) II (1) II (1) XI (1) Neg (1) T (1) XI::neg::T 1 (0) 5 a (1) II (1) II (1) XII (1) Pos (1) E (1) XII::pos::E 1 (1) 5 b (1) II (1) II (1) XIII ( (1) II (1) II (1) well as the major clonal type II::neg::G strains, with 11 different resistance phenotypes. It is interesting that isolates of the four main clones found in this study generally appeared to be resistant to more antibiotics than the other strains. Moreover, the vast majority of these isolates (94.6%) were fully resistant to both antibiotics used as empiric treatment in the NICU (ampicillin and gentamicin), whereas 63.1% of the strains of less frequently occurring clonal types were resistant to both antibiotics. The glycopeptide susceptibilities of the isolates were investigated more extensively through the PAP approach, as described in Materials and Methods. Since the first experiments we realized that not all strains were equally susceptible to teicoplanin and vancomycin. Therefore, we defined three expression classes on the basis of PAPs (Fig. 3) . Although the definition of these classes is arbitrary, class I through class III could be considered to represent three different increasing levels of glycopeptide resistance. In cultures of strains of class III, 100% of the cells grew in the presence of 3 to 6 g of teicoplanin per ml or 0.8 to 1.5 g of vancomycin per ml, with a small fraction able to grow in the presence of 100 g of teicoplanin per ml or 50 to 100 g of vancomycin per ml. By contrast, the great majority of cells in cultures of class I strains were inhibited by low concentrations of glycopeptides, with a teicoplanin MIC of 25 g/ml and a vancomycin MIC of 6 g/ml being found for only a small number of isolates. Class II strains exhibited PAPs that were intermediate between those of class I and III isolates. By these criteria, most of the S. epidermidis isolates were assigned to vancomycin class II (80.2%), with only three strains (3.7%) having a class III profile. The PAPs in tests with teicoplanin were similar, with 72.8 and 7.4% of strains displaying class II and III profiles, respectively. It is interesting that although some clones (such as clone I::pos::E) appeared to be more resistant than others (e.g., clone VII: pos::C), it was possible that strains of the same clonal type exhibited different PAPs (Table 2) . (25) and for 1986 to 1994 (16) .
DISCUSSION

Reports on S. epidermidis infections in NICUs remained
Results of this study confirm that the impact of S. epidermidis on NICU-acquired infection is substantial. Both the umbilical or central line-associated bloodstream infection rate and the ventilator-associated pneumonia rate were within the NNIS system benchmarks for high-risk nurseries of hospitals that are part of the NNIS system, as were the device utilization ratios for all birth weight categories (4). S. epidermidis accounted for 30.4% of all NICU-acquired infections, confirming the high frequency of CoNS infections reported by most recent studies. Although the overall nosocomial infection rate decreased during the study period, the S. epidermidis infection rate rose slightly. It should be noted, however, that the decrease in the overall infection rate was observed mainly in neonates weighing more than 1,000 g, whereas CoNS infections are known to occur predominately in patients with very low birth weights (19) .
When studying the epidemiology of CoNS infections, it is important to determine whether these infections are caused by several different strains or by one or a few epidemic clones, since measures to prevent cross-infections are likely to have a major impact only on the latter isolates. While some investigators found evidence of an endogenous origin of CoNS in NICUs (35, 46) , this study demonstrates that a significant proportion of S. epidermidis infections may be attributable to transmission among patients and that certain strains can become endemic over long periods in this setting. These results extend the findings of previous studies that have suggested the importance of cross-infection with CoNS in the NICU (3, 24, 28, 46, 47, 49) . The success of the predominant clones in this and other studies may be related to yet uncharacterized factors that provide the organisms with advantages in colonization or in their ability to infect patients. One of these factors may be antibiotic resistance (3, 47) , since the four main clones found in this study were more resistant than the sporadic strains, particularly to antibiotics used as empiric treatment in the NICU.
Many typing techniques have recently been applied to studies of the epidemiology of CoNS. The study described here confirms that the comparative analysis of drug resistance patterns is unsatisfactory (24, 28) , since some monoclonal strains differed by their drug resistance patterns, and some polyclonal strains had the same resistance phenotype. With respect to genotyping, we used three molecular typing tools that have already demonstrated good discriminatory power in the analysis of MRSA (8, 9, 36, 43, 48) . Our results indicate that the discriminatory power of the mecA probe may be higher than that reported for MRSA isolates. Only a relatively few mecA polymorphs have been identified among several hundred MRSA strains collected from a wide variety of geographic sources (27) . This finding is in sharp contrast to the observation described in this study: the S. epidermidis isolates collected at a single NICU showed a wide range of variation in the vicinity of the mecA gene, with 15 distinct patterns among 81 isolates (including the mecA-negative strains). The use of the Tn554 probe was of limited value, since transposon-like elements were present only in a minority of the isolates without heterogeneity. By contrast, PFGE showed high resolution, detecting at least 25 different patterns and identifying the four main clones found in this study with better precision than the use of the mecA probe alone. The simultaneous use of the three techniques allow us only a modest increase in sensitivity, differentiating 28 clones among the 81 isolates.
The recent reports from the United States and Japan of clinical isolates of S. aureus with reduced susceptibility to vancomycin (1, 4, 6, 7, 21, 22) have renewed the interest in glycopeptide resistance in CoNS. Isolation of S. epidermidis strains with reduced susceptibility or frank resistance to glycopeptides has been reported from both Europe and the United States in the last several years (2, 14, 18, 26, 31, 37, 39, 40) . Together with those observations, the results of this study suggest that intermediate glycopeptide resistance in S. epidermidis may be more prevalent than is currently realized. All S. epidermidis isolates, when analyzed by the method of population analysis, exhibited a heterogeneous phenotype with respect to glycopeptide susceptibility, with the vast majority of isolate cultures containing cells capable of growing in the presence of 12 g of vancomycin per ml or 50 g of teicoplanin per ml. A small percentage of S. epidermidis isolates were assigned to what we defined as class III, since their cultures contained a small fraction of cells capable of forming colonies on agar containing elevated concentrations of vancomycin (50 to 100 g/ml) and teicoplanin (100 g/ml). These more substantially resistant bacteria would not have been detected by the routine methods used in the clinical microbiology laboratory because of their low frequency.
The basis of glycopeptide resistance in S. epidermidis is unknown, but it appears to differ substantially from that observed in enterococci. Prior vancomycin or teicoplanin therapy was common in many reports of S. epidermidis clinical isolates with reduced resistance to glycopeptides, and stepwise in vitro exposure of strains to increasing concentrations of glycopeptides easily generates resistance. The addition of the drug to cultures caused the appearance of cellular aggregates, the inhibition of autolysis, and the removal of the antibiotic from the growth medium, features that resemble those of a recently described vancomycin-resistant laboratory mutant of S. aureus (38, 39) . The antibiotic pressure exerted by glycopeptide agents on the infants included in this investigation was substantial, since, on average, neonates spent 4.9% of their hospital stay under therapy with vancomycin or teicoplanin. Likewise, in vitro experiments aimed at the selection of isolates with frank resistance by selection with vancomycin or teicoplanin were successful (data not shown). While this study did not investigate the mechanisms of glycopeptide resistance of S. epidermidis, the results of the molecular typing of the isolates allow us to identify some determinants that contribute to the frequency of CoNS with reduced susceptibility to glycopeptides in the NICU setting. In particular, two findings need to be emphasized (see Results): some clones appeared to be more resistant than others, and isolates of the same clonal type had different glycopeptide PAPs. In combination, these observations suggest that the prevalence of reduced susceptibility to glycopeptides in staphylococci may be due to the cross-transmission of intermediate resistant clones as well as, to a lesser extent, to the selective pressure exerted in vivo by vancomycin or teicoplanin use.
In conclusion, this study confirmed that S. epidermidis is one of the leading causes of NICU-acquired infections and that the reduced glycopeptide susceptibility, if investigated by appropriate detection methods, may be more common than is currently estimated. Typing of isolates, which can be performed effectively through molecular techniques such as PFGE but not through antibiograms, showed that many of these infections are due to clonal dissemination and, thus, are potentially preventable by strict adherence to recommended infection control practices and the implementation of programs aimed at the reduction of unnecessary use of antibiotics. These strategies are also likely to have a significant impact on the frequency of staphylococci with reduced glycopeptide susceptibility, since this phenomenon appears to be determined either by more resistant clones transmitted from patient to patient or by strains that change from susceptible to resistant as a result of antibiotic pressure.
